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ricultural  drought  (soil  moisture  deficit),  hydrological  drought  (deficit  in  surface  water,  storage,  and/or 













































1.1. Anthropogenic Drought: The Two-Way Interactions of Human Activities and Drought
Anthropogenic drought is governed by the interplay of natural renewable water variability, climate change, 




change  the  frequency and  intensity of dry  spells or  intensify and prolong droughts  (i.e.,  flash droughts, 
Otkin et al., 2018).
At the core of the notion of anthropogenic droughts is water stress caused or intensified by human activ-
ities  (e.g.,  increased  water  consumption  beyond  what  nature  can  provide—see  Figure  1).  Where  devel-























































local water demand, but also meteorological conditions leading to exogenous biophysical impacts on natu-
ral water availability that cannot simply be managed by decision-makers over short time scales (Mehran 
et al., 2015). On  the other hand, endogenous  changes correspond  to  local and regional policies  (e.g., ur-
banization, agricultural/industrial development), which can impact and be influenced by water resources 
management.
These  two  exogenous  and  endogenous  effects  are  indeed  interrelated:  For  instance,  anthropogenic  cli-


























the  world  have  found  that  climate  warming  has  increased  tree  mortality  rates  in  recent  decades  (Beck 
et al., 2011; Brando et al., 2019; Phillips et al., 2009; Van Mantgem et al., 2009). Moreover, there are many 

































































































even greater. Thus,  it  is  increasingly  important  to  include human water use and the  local capacity  (e.g., 
local  infrastructure  systems and management plans)  to cope with variability  in  future water availability 
assessments.
Although integrating infrastructure systems into hydrologic models and incorporating their operation rules 































1.4. Research Gaps and Opportunities
In the following, we discussed research gaps and opportunities to improve the understanding, modeling, 
and management of anthropogenic drought.
(a) Lack of  indicators or comprehensive assessment  frameworks  for describing anthropogenic droughts: 
A myriad of indicators has been proposed to characterize droughts from different perspectives (Bachmair 







Indicator  (CDI)  (Sepulcre-Canto et al., 2012), and  the Multivariate Standardized Drought  Index  (MSDI) 
(Hao & AghaKouchak, 2014). However, most existing indicators do not consider human water use and/or 
local water storage (Lloyd-Hughes, 2014). In a recent effort, Mehran et al. (2015) introduced a hybrid frame-






















































































































2018  European  drought  and  heatwave. This  is  predicted  to  manifest  in  increases  in  crop  water  demand 
in the agricultural sector (Mehta et al., 2013). In addition, the frequency and distribution of hot droughts 
can  affect  renewable  energy  generation  and  current  and  future  energy  portfolios  (Forrest  et  al.,  2018; 












































Water  managers  need  to  consider  storing  more  water  earlier  in  the  season  while  also  weighing  storage 
capacity considerations necessary for minimizing flood risk. However, compensating for the loss of water 
storage in the snowpack's natural reservoir may not be possible by simply relying on existing reservoirs or 
building  new  ones  because  of  a  combination  of  political,  social,  economical,  and  environmental  issues. 
Snowpack losses in many regions of the world may outpace our ability to construct critical infrastructure, 
indicating  that  solutions  must  be  forged  through  synergistic  efforts  across  water  policy,  operations,  and 
management (Mote et al., 2018). Managing snow drought and adapting to changes in the ratio of rainfall 
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